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IMPROVED SYNTHESIS OF 2-DEOXY-I^RIBOSE 

Weijian Zhang, Kanda S. Ramasamy* and Devron R. Averett 
ICN Pharmaceuticals, Inc., 3300 Hylartd Avenue, Costa Mesa, CA 92626 

ySSTRACT: Improved synthesis of 2-deoxy-L-ribose and the corresponding 2-deoxy- 
i^S-di-O-p-toluoyl-a-L-e/y/Aro-pentofiiranosyl chloride are described from L-arabinose 

f 

Modification of carbohydrate provides a variety of sugar derivatives for the 
ynthesis of new nucleosides and nucleotides. Recently, the number of reports of L- 
lucleostdes as antiviral agents has increased dramatically due to their potent biological 
ctivity and lower toxicity compared to their counterpart D-nucleosides.^"^ The most 
ctive L-nucleosides include L-thymidine (L-T),^ L-3'-thiacytidine (3TC),^ L-S-fluoro-S'- 
Uacytidine (FTC),'*-* L-2*,3'^ideoxycytidine (L-ddC)/ L-5.fluoro-2',3*-dideoxycytidine 
L-FddC)/^'^ and L-FMAU.* However, the high cost of L-ribose and 2-deoxy-L-ribose 
ampered their use as starting material for the synthesis of L-nucIeosides in large 
uantities. Therefore, new and improved syntheses of 2-deoxy-L-ribose and L-ribose are 
f considerable interest. 

Several syntheses of 2-deoxy-L-ribose are known in the literature^"*® Most of 
lem use L-arabinose^ or L-ribose'^ or L-ascorbic acid' as the starting materials. A few 
thers led to 2-deoxy-L-ribose from achiral precursors.^-*" However, none of these 
lethods have been applied to large scale synthesis of 2-deoxy-L-ribose. Our interest in 
'-depxy-L-nucleosides and their biological activities led us to seek an economical and 
fficient procedure for the preparation of 2-deoxy-L-ribose in large quantities. Among 
le available methods in the literature for the synthesis of 2-deoxy.L-ribose, we chose 
ne^ that starts with L-arabinose. However, after following this procedure we came 
sross a couple of problems that have not been addressed in the original paper.*^ 
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Herein, we report an improved procedure, in particular, with the key deoxygenation 
step, to enhance reproducibility and suitability for large scale preparauon. 

The improved synthesis of 2-deoxy-L.ribofuranose is illustrated in Scheme 1 l- 
Arabmose was heated at reflux in methanol containing catalytic amount of cone HCI 
for 2 h. The resulti^g solution upon concentration and cooling afforded methyl P-L- 
arabmopyranose in Bl'A yield " Reaction of 2 with dimethoxypropane in dry DMF and 
Ainberlyst 15 (FT form) resin for 18 h gave the methyl 3,4-aisopropylidene-P-L- 
a™b.m,se (3). Intennediate 3 was reacted with NaH then with carbon disulfide and 
methyl iodid^.at O'C to afford the corresponding methyl 3.4-0-isopropyIidene-2-0- 
[(methylthiOthiocaxbonyll-P-L^inopyranose (4) - Compound 4 was dissolved in 
dry xylene degassed and treated with tri-n-butyltin hydride and ABN under argon 
atmosphere for 3 h as described in the litera.u« - The volatile matten. we« evaporated 
and the residue was treated with SO-/. AcOH for 1 5 h. The r«.ction mixture was worked 
up as described in the literature- and a«Uyzed by tic. which showed two major 
products and one minor product. The separation of the product from the byproducU 
vas found to be tedious and cumbersome. In order to identify the byproducts we 
epeated the deoxygenation of 4 with tri-„-butyIti„ hydride and ATON as above 'rhe 
eacuon was then checked by tic before treating with 80»/. AcOH, which revealed the 
xistence of two products. The reaction mixture was evaporated and purified by flash 
hromatography without exposing the mixture to B0% AcOH. The fast moving product 
'as isolated in 55-/. yield and the slow moving product accounted for 30%. 

'H ^JMR analysis of the fast moving product confirmed this was 5 The 'h 
MR of the slow moving product indicated the presence of a hydroxyl group at 6 2 43 
^propylidene functionality (6 1.53 & 1.36) and methyl ether protons (5 3 44)' 
.rthermore. the NMR spectrum of the slow moving product was identical to that of 3 
.us. we assigned the structure of the slow moving product as 3. We believe that the 
-mation of 3. in addition to 5. was the result of nucleophilic attack on T^. 
«ethylthio)thiocarbonyl group of 4 by tri-«^utyltin hydride, probably due to the 
reased electrophilicity of the thiocaibonyl group when chelated with tin ion 
empts to eliminate the formation of 3. by reducing the reaction temperature 
ngmg the solvent and using fresh tri-«-butyltin hydride were fiuitless. During the 
xygenation of 4, the crude mixture of products was reacted directly with SO% 
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OH, resulting in a mixture of 2 and 6. These species could not be separated on silica 
* 

I column. Therefore, the problem associated with, deoxygenation of 4 with tri-n- 
tyltin hydride made the reported procedure^ unsuitable for large scale work and an 
emative deoxygenation procedure for compound 4 was sought. 

After survey of available methods for deoxygenation, we decided to use 
jhenylsilane" based on its performance and lack of nucleophilicity. As we 
ticipated, refluxing a mixture of 4 and diphenylsilane in the presence of AIBN in dry 
>xane for 18 h under argon atmosphere gave exclusively 5, which on exposure to 80% 
;OH gave 6 in 81% yield. However, when the same reaction was carried out in other 
Ivents, it did not go to completion, even with excess AIBN and diphenylsilane. The 
>nificance of the modified procedure is twofold. First, the expected product 5 was 
rmed cleanly. Secondly, the formation of obnoxious smelly tributyltin- 
ethylthiomercaptan complex byproduct in the tri-n-butyltin hydride method was 
'oided thus making the improved procedure environmentally acceptable. Furthermore, 
e reaction can be scaled up to kilogram quantities without complication. 

Following the reported^ procedure 6 was converted into 2-deoxy-L-ribose (7) in 
1% yield. Treatment of 7 with 1% HCl/MeOH as described in the literature^ for 2 h 
ovided three products out of which the pyranose-form (six-member ring) of (8) was 
lund to be the major product The formation of the unwanted pyranose-form made us 
» modify the condition for the transformation of 7 into 8. After several attempts we 
rt:ablished a reproducible method for the conversion of 7 to 8. Thus, exposure of a 
lethanolic solution of 7 to 1% HCl/MeOH for 1 h followed by immediate quenching of 
le reaction with pyridine and purification afforded 8 as an a, |3- mixtures in 80% yield, 
tirring of 8 with toluoyl chloride in pyridine provided the corresponding 0L,p- mixture 
f ditoluoyl derivatives 9 which on treatment with dry HCl gas in ether at 0°C afforded 
16 required 2-deoxy-3,5-di-0-/?-toluoyl-a-erv//iro-pentofiiranosyi chloride (10)" in 
;ood yield (92%). 

In conclusion, we have modified and improved a conmionly used reported 
»rocedure to provide 2-deoxy-L-ribose and the corresponding 2-deoxy-3,5-di-0-p- 
oluoyl-a-L-c^y/^c^•pentofuranosyl chloride in higher yield fi-om L-arabinose, which 
;an be readily adapted to large scale preparation. 
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Scheme 1 



Experimental 

pou«s «neujc» „„ . Buchl^ cpi,,^ „,„l^ ^ 
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^ Methyl P-Lr-arabinoside (2). To a suspension of L-arabinose (100 g, 667 nunol) 
anhydrous MeOH (450 mL ) was added a RCl /MeOH sohition (7.3 g diy HCl in 50 
L MeOH) at room temperature under argon atmosphere. The mixture was refluxed 
r 2 h and cooled down to room temperature. The solution was concentrated to about 
4 of its volume to pve a suspension. The solid precipitated was filtered and washed 
ith cold MeOH (20 nxL) to give the first crop as a crystalline powder (40.23 g). The 
Itrate was concentrated (35*C) to 1/4 of its volume. The solid precipitated was 
Itered, washed and dried as above to ^ve the second crop (14.66 g) as a colorless 
ystalline powdw. TTie concentration and filtration were repeated to afford additional 
3.61 g of the product (total 88.5 g, 81 %). Mp 162-164^C. 'H NMR (D2O) 8 3.30 (s, 
H, OCH3X 3.56 (dd, IH, HsX 3.73 (m, IH, H4X 3.77 (dd, IH, H5X 3.82 (bs, IH, H2I 
.73(m,lH,//,). 

Methyl 3,4-O-isopropylidene-p-I^arabinoside (3)* To the mixture of methyl P- 
-arabinoside 2 (23.33 g, 142.26 mmol) and dimethoxypropane (55 mL, 448 mmol) in 
ry DMF (185 mL) was added Amberlyst 15 (H+ form, 1.42 g) and the suspension was 
tirred at room temperature for 18 h. The resin was filtered and the filtrate was 
vaporated to a syrup, which was dissolved in EtOAc (200 mL). This solution was 
^hed with brine (50 mL), sat. NaHCQ3 sohition and brine (20 mL). The aqueous 
/ashings were combined and extracted with EtOAc (5 x 20 mL), which was washed 
nth brine and combined with the organic solution. The organic extract was dried (anh- 
drous Na2S04) and evaporated to dryness to give a syrup (29.2 g, quant.). *H NMR 
CDCb) 6 1.36, 1.53 (2s, 6H, isopropylidene-Cf^,), 2.43 (d, IH, 2'-O^0, 3.44 (s, 3H, 
:>CH3X 3.78 (m, IH, H2X 3.93 (s, 2H, H5X 4.15-4.25 (m, 2H, Hy/l4X 4.71 (d, IH, HiX 

Methyl 3,4-0-isopropylidcnc-2-0-I(mcthylthio)thiocarbonyll-P-lrarabino- 
:ide (4). The above syrup 3 (29.2 g, 142.26 nrniol) vm dissolved in anhydrous THF 
190 mL) and cooled to O^'C. To the solution was added NaH (55-65%, 6.9 g, 172.5 
nmol) slowly under argon atmosphere. The suspension was refluxed for 2 h and cooled 
:o 0**C. To the mixture was added carbon disulfide (21 mL, 349.14 mmol) and the 
esultant dark mixture were stirred at room temperature for 2 h. To the mixture was 
added methyl iodide (12.4 mL, 160.64 mmol) at 0^*0 and the mixture were stirred for 16 
h. The mixture was poured into ice water (300 mL) and extracted with EtOAc (3 x 50 
mL). The EtOAc solution was dried and evaporated until crystals precipitated. The 
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^ h«.„ „ Jive fl„ ft« ^ ^ „ , ^^^^ ^ ^^^^ ^ 

«»«««m«I.kqM„o-Cov«nigl,.M«tt™,u,gi«a„,^„j<„p(,,.5,^ ™» 
«« rq«,.d two mo« „ gh, .jdM^ 1.44 g rf*e p^odue, ( 3, 52 . ,^ 
«psfto„ , ,5%). Mp ,27-130^ (Kt* 12,.,J0^. 'hKMR (CDCl,) 6 , 39 and , 55 
(2. ffl. i«>p„,py.W«^,^ 2.«, 3^ 3.40 & 3H. OM,X 40, fe 2H. /,.) 

4.30(™.,Ha).4.50«H.n*,X4.98«l.,K*,X5.78(dJ,,HA) 

Methyl -d«,^i..^»^to„„^ ^ ^ 

mr^ ABN (24.6 ^ 150 ^ ^ ^ 

heaang ,„ „ „i, baa, (,00X). The nteure was b.bH«l »,» „ ,„„,C fi, 15 
n.„ aad .h«, diphenyMane (5. 4 nd, 272 a™,0 ™ ^ 
0.1 bad, vva. „is,d .0 130-C «». «» a^-™ ^ „ , 
d.phe„ytala,« (2 nC, ,„., ,^ ^ ^ ^ 

renu„„g „™ «„«i™.ed for addi,i<»al SKV.^^^^ ^ ^ 
give 5 as a s,™p. which waa mixed with 80% HOAc (544 mL) ained « 
-^n.e «,t 16 h. TV n^:. „aa c„„.e„.med .0 half of its oHgl.., ^ ^ 
P«t«,o«db««.. water and ether. ™. a,„.ous hye, waa wash«. ™tl, «h.r „„, the 
«»*-io,g»»clay.,w.a«<.aeted™,hw..„. The aqueous aoU«i„„ waa evaporated 
.0 gtve eompoond « a. a syntp (1H.» 75.78-C, 16.36 g, 81./. f„ ,„„ «eps ft„„ 4) 'H 
NMR (ax%) 8 ). ,.„ (dd. 2,^ ft) 2.30 (d.lH OH, 2.47 (d. ,H. 0/0 3 35 (0„ 
OCA,.),3.88.3.6»(„,3««*«.,,.„3(„, 1H«X4.7,(, '"^ 

»» dissolved ,n 08 M HCl a.^ .ohtion (546 nO.) and d,e resoltan. J 

(^«" !r,T~°" «>"^ with aqueous NaOH 

(lM)topH6-7a.,dw.sevapon«dtogiv.ayn.p. The .n,de niaterial was porified on a 
ge, cohrnin (4 x ,5 on.) eluted wiU, OWWdeOH (1:0 to «..5) T,,e propel 
ftacoons were evapontted to give compound 7 as synip ( 10.53 8. 71 154) 

Methyl 2^«..y.B.l^*„^..n.™^ („. Co,,,^ 7 (,5 « . ,„„ 

HCl/MeOH (35 „C, The soloti™. ^ ...p. „ ^ , ^ J 

■eotra^^^d w.* Py (55 ..L, a, 5"C .0 p„ - 6. Tl. „.i«,u. was evaporated with silica 
lel and purified on a sito ge. cohrntn (I , 5 cn.) d«.d wiU, CHrCls/MeOH (,8-2 ,0 
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:4)\o ^ve compound 8 as a syrup (13.94 g, 81%). *H NMR (CDCb) S 2.22-2.44 (m, 
I Hil 3.50 and 3.59 (2s, 3H, OCW3), 3.75-3.88 (m, 2H, /Tj), 4.26 (m, IH, //4), 4.66 
i,lH,i/3),5.25(t,lH,«i). 

Methyl 2-deoxy-3, 5-di-0-/>-toluoyl-Lr£rv'/fv>-pentofuranose (9). Compound 
(9.00 g, 60.8 mmol) was dissolved in pyridine (180 mL) and cooled in an ice-water 
.th. To tWs cold solution was added p-toluoyl chloride (18 mL, 136.00 mmol) over 
) min and the resultant solution was stirred at room temperature for 16 h. The mixture 
as evaporated to dryness. The residue was extracted with EtOAc and the extract 
ashed with brine, dried and evaporated. The crude product was purified on a silica gel 
)lumn (3 X 15 cm) using hexane/EtOAc (1:0 to 5:1) as the eluent. Evaporation of the 
oper fractions gave compound 9 as syrup (22.63g, 97%). NMR (CDCI3) 5 2.40 
is, 6H, 2xC/f3), 3.35 (s, 3H, OC//3-P), 3.41 (s, 3H, OCft-a), 4.6-4.5 (m. Ha and Hs of 
>th anomers), 5.19 (d, IH, i?i-a), 5.21 (dd, IH, i/i-p), 5.41 (m, IH, H^<t\ 5.59 (m, 
H,ft-p), 7.18-8.02 (m, 8H, aromatic). 

2-Deoxy-3y5-di-0-p-toluoyl-a-Lrer^/Arp*pentofuranosyl chloride (1 0). 
ompound 9 {72 SI 3 nunol) was dissolved in dry ether (200 mL) and the solution 
^as cooled to 0^*0 in an ice bath. To the solution was bubbled dry HCl for - 5 min until 
le mixture crystallized. The reaction mixture was then kept in a refrigeratorovemight. 
"he solid that precipitated was filtered and washed with cold ether. The solid was 
nmediately dried under vacuum ov^ NaOH to gjve compound 10 as a colorless 
rystalline powder (19.28 g). The filtrate was concentrated and treated with HCl and 
ept in a refrigerator overnight. Filtration, washing and drying gave additional 1.2 g of 
Toduct (total 20.48 g, 92%); mp 1 18-12^0 OH *^" 1 18 -120**C). *H NMR (CHDCb) 8 
;.39 (2s, 6H, aromatic-Cft), 2.82 (m, 2H, ft), 4.65 (m, 2H, Hi), 4.86 (q, IH, H^X 5.57 
m, IH, ft), 6.48 (d, IH, ft), 7.25 (2d, 4H, aromatic-/f), 7.95 (2d, 4H. aromatic-^. 
Vnal. Calcd for C21H21O5CI: C, 64.86; H, 5.44. Found: C, 64.91; H, 5.62. 
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